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D scription 

BACKGROUND OF THE INVENTION 

1. RELD OF THE INVENTION 

[0001 1 This invention relates to an electric motor hav- 
ing a permanent magnet in a rotor, such as Brush less 
DC motor or the like and, more specifically, to an electric 
motor in which the magnetic flux density, a reluctance 
torque and so on can be selectively established, appro- 
priate for a compressor of an air conditioner for example. 

2. DESCRIPTION OF THE RELATED ART 

[0002] In the electric motor of the type as described 
above, a permanent magnet is embedded in a core of 
an inner rotor of the electric motor, an example thereof 
being shown In Fig. 26 which is a plane view showing 
the inside of this electric motor from a plane orthogonal 
to the axis of rotation. 

[0003] In the drawing a rotor core 2 is disposed inside 
a stater core 1 , for example, having 24 slots, in which a 
field magnet rotates. In this case, the number of poles 
of the electric motor is four, therefore four permanent 
magnets 3 are arranged in the rotor core 2 in accord- 
ance with the number of poles. 
[0004] The permanent magnets 3 are each formed to 
. be a band plate shape of rectangular cross-section, and 
are arranged to have equal spaces on the outer circle 
side of the rotor core 2 in the circumferential direction, 
to be embedded inside the rotor core 2 along a direction 
perpendicular to paper of Fig. 26. 
[0005] Between the adjacent permanent magnets 3, 
holes 4 as a flux barrier for avoiding short-circuiting and 
leaking of the magnetic flux in between the adjacent per- 
manent magnets 3, are formed. In this example, the hole 
4 is represented as a triangle hole and disposed at each 
end of the permanent magnet 3. 1 n the center of the rotor 
core 2, a center hole 5 is formed to pass a rotating shaft 
{not shown) therethrough. 

[0006] In this point, when the magnetic flux distribu- 
tion in a gap portion (between teeth of the stator core 1 
and the permanent magnets 3) caused by each pernna- 
nent magnet 3 is in a sine wave state, torque T of the 
electric motor is given as T = Pn{Oa • la • cos p - 0.5(Ld- 
Lq) • 12 • sin 2p), where T is an output torque. Oa is an 
armature flux-linkage caused by the pemrianent magnet 
3 on the d and q coordinate axes, Ld and Lq are the d- 
axis inductance and the q-axis inductance respectively, 
la is amplitude of an armature current on the d and q 
coordinate axes, p is a lead angle of the armature cur- 
rent from the q axis on the d and q coordinate axes, and 
Pn is a pole-logarithm. 

[0007] In theabove expression, thefirst term express- 
es a magnet torque generat d by the permanent mag- 
nets 3 and the second term express a reluctance torque 
generated by the difference between the d-axis induct- 



ance and the q-axis inductance. Refer to a treatise pub- 
lished in T. lEE Japan, vol, 117-D, No. 8. 1997 for further 
detail. 

[0008] Typically, a ferrite magnet and a rare-earth 
5 magnet are used for the permanent magnet 3 employed 
in the aforementioned type electric motor. 
[0009] The ferrite magnet is low cost and available tor 
forming the pernnanent magnets in various configura- 
tions due to it's ease of shaping, but the magnet flux 
10 density is low, therefore hindering the reduction in size 
of the rotor core. 

[0010] On the other hand, the rare-earth magnet has 
a high magnet-flux density, so that the reduction in size 
of the rotor core can be easy, but the configuration of 

15 the permanent magnet is limited by the difficulties of 
shaping thereof. In addition, the rare-earth nnagnet has 
a higher cost than the ferrite magnet. 
[0011] Since both the ferrite magnet and rare-earth 
magnet have the pros and cons as explained above, 

20 conventionally for reasons of the use of a motor and/or 
a cost, either the ferrite magnet or the rare-earth magnet 
is chosen for all permanent magnets of magnetic poles. 
[001 2] In addition to the cost aspect, since all perma- 
nent magnets forming the magnet poles have the same 

25 shape as shown in Fig. 26, a range for determining the 
magnetic flux density, the reluctance torque and the like 
is narrow, thereby designing the electric motor is prob- 
lematic. As to the configuration of the permanent mag- 
net, for example, an inverted arc shaped permanent 

30 magnet is referred to in the aforementioned treatise, but 
still in this case, all permanent magnets used for all 
poles have the same shapes. 
[0013] For example, when all magnetic poles are 
formed of the same rare-earth magnet, the magnetic flux 

35 density is excessively high and also the cost is higher. 
When all magnetic poles are formed of the same ferrite 
magnet, despite the low costs, the magnetic flux density 
is insufficient, resulting in not obtaining of a sufficient 
motor torque. 

40 [0014] The shapes of the permanent magnets of all 
magnetic poles are the same, whereby the reluctance 
torque is determined on one ground. 
[0015] As described hereinbefore, conventionally, 
proper permanent magnets having an intermediate 

45 state between the ferrite magnets and the rare-earth 
magnets are troublesome to obtain, that is to say it is 
difficult to select the required magnetic flux density, re- 
luctance torque and cost. 



[0016] The present invention is performed for resolv- 
ing the aforementioned disadvantages. It is an object of 
the present invention to provide a permanent magnet 
55 rotor type electric motor capable of selectively determin- 
ing a magnetic flux density and a reluctance torque and 
having a reasonable cost. 

[0017] According to the present invention, the object 
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can be attained by using a second permanent magnet, 
having a different shape and material from a first per- 
manent magnet, for a magnetic pole of one polarity in 
the rotor core with respect to the first permanent magnet 
used for a magnetic pole of the other polarity, in a per- 
manent magnet rotor type electric motor in which a rotor 
core embedded with a permanent magnet at each mag- 
netic pole portion therein is disposed in a stator core 
generating a rotation magnetic field. 
[0018] In the present invention, it is preferable that the 
first permanent magnets be formed in the same config- 
urations and of the same materials, and the second per- 
manent magnets be formed in the same configurations 
and of the same materials. However, a plurality of the 
first permanent magnets can be formed in a different 
configuration from each other and of the same materials 
or formed in the same configurations and of a different 
materials from each other, and/or a plurality of the sec- 
ond permanent magnets can be also formed in a differ- 
ent configuration from each other and of the same ma- 
terials or formed in the same configurations and of a dif- 
ferent materials from each other. So, the above structure 
should be included in the scope of the present invention. 
[0019] As descried above, as an example, one of the 
permanent magnets is made of a rare-earth magnet and 
the other is made of a f errite magnet, thereby easily ob- 
taining the magnetic flux density and the reluctance 
torque in an intermediate state of a conventional rotor 
core in which all permanent magnets are formed in the 
same configurations and of the same materials. In ad- 
dition, the production cost can be reduced further than 
in the case where the rare-earth nriagnet is used for all 
permanent magnets, as another example. 
[0020] The present invention includes the following 
various structures, and thereby also attaining the afore- 
mentioned object. 

[0021] As the first structure, the first permanent mag- 
nets Is formed of a band plate having rectangular cross- 
section, and a pair or a plurality of the first permanent 
magnets are arranged to be parallel to each other along 
a direction perpendicular to a diameter line of the rotor 
core in the vicinity of the outer circumference of the rotor 
core, and the second permanent magnet is formed of a 
band plate having arc-shaped cross-section, and each 
of a pair or a plurality of the second permanent magnets 
is arranged between the first permanent magnets. 
[0022] In the above first structure, the second perma- 
nent magnet might be disposed so that the convex face 
thereof having arc-shaped cross-section is oriented to- 
ward the center of the rotor core. Alternatively, the sec- 
ond permanent magnet might, as well, be disposed so 
that the convex face thereof having arc-shaped cross- 
section is oriented toward the outer circumference of the 
rotor core. Afternativety, each of the second permanent 
magnets may have a plurality of magnet pieces each of 
which is fomned of a band plate having arc-shaped 
cross-section and concentrically arranged, and has a 
different length of the arc portion from each other. 



[0023] As the second structure, the first permanent 
magnet Is formed of a band jplate having rectangular 
cross-section and a pair or a plurality of the first perma- 
nent magnets are arranged to be parallel to each other 

5 along a direction perpendicular to a diameter line of the 
rotor core in the vicinity of the outer circumference of 
the rotor core; and the second permanent magnet has 
two magnet pieces each of which is formed of a band 
plate having rectangular cross-section, and the two 

10 magnet pieces are arranged between the first perma- 
nent magnets at a certain angle to approach each other 
toward the center of the rotor core. 
[0024] As the third structure, each of the first perma- 
nent magnets has two magnet pieces each of which is 

1^ formed of a band plate having rectangular cross-sec- 
tion, and the two magnet pieces are arranged at a cer- 
tain angle to approach each other toward the center of 
the rotor core; and the second permanent magnet is 
formed of a band plate having arc-shaped cross-section 

20 and arranged between the first permanent magnets. 
[0025] As the fourth structure, the first permanent 
magnet is formed of a band plate having rectangular 
cross-section and a pair or a plurality of the first perma- 
nent magnets are arranged to be parallel to each other 

25 along a direction perpendicular to a diameter line of the 
rotor core in the vicinity of the outer circumference of 
the rotor core; and the second permanent magnet is 
formed of a plate-shaped body of fan cross-section and 
each of a pair or a plurality of the second permanent 

30 magnets is arranged between the first permanent mag- 
nets. 

[0026] As the fifth structure, each of the first perma- 
nent magnets has two magnet pieces each of which is 
formed of a band plate having rectangular cross-sec- 

35 tion, and the two magnet pieces are arranged at a cer- 
tain angle to approach each other toward the center of 
the rotor core; and the second permanent magnet is 
formed of a plate-shaped body having arc-shaped 
cross-section and arranged between the first permanent 

40 magnets. 

[0027] As the sixth structure, the first permanent mag- 
net is formed of a band plate having rectangular cross- 
section and a pair or a plurality of the first permanent 
magnets is arranged to be parallel to each other along 

45 a direction perpendicular to a diameter line of the rotor 
core in the vicinity of the inner circumference of the rotor 
core, and tong holes for flux barrier are formed from both 
ends of each of the first permanent magnets toward the 
outer circumference of the rotor core; and the second 

50 permanent magnet is formed of a band plate having arc- 
shaped cross-section and each of a pair or a plurality of 
the second permanent magnets is arranged between 
the first permanent magnets. 

[0028] As the seventh stoicture, the first permanent 
55 magnet is formed of a band plate having rectangular 
cross-section and a pair or a plurality of the first perma- 
nent magnets Is arranged to be parallel to each other 
along a direction perpendicular to a diameter line of the 
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rotor core in the vicinity of tlie Inner circumference of the 
rotor core, and long holes for flux barrier are formed from 
both ends of each of the first permanent nnagnets toward 
the outer circumference of the rotor core; and the sec- 
ond permanent magnet is formed of a plate-shaped 
body having arc-shaped cross-section and each of a 
pair or a plurality of the second permanent magnets is 
arranged between the first permanent magnets. 
[0029] As the eighth structure, the first permanent 
magnet is formed of a band plate having rectangular 
cross-section and a pair or a plurality of the first perma- 
nent magnets is arranged to be parallel to each other 
along a direction perpendicular to a diameter line of the 
rotor core in the vicinity of the Inner circumference of the 
rotor core, and long holes for flux barrier are formed from 
both ends of each of the first permanent magnets toward 
the outer circumference of the rotor core; and the sec- 
ond permanent magnet has two magnet pieces each of 
which is formed of a band plate having rectangular 
cross-section, and the two magnet pieces are arranged 
between the first permanent magnets to have a certain 
angle at which the magnet pieces approach each other 
toward the center of the rotor core. 
[0030] As the ninth structure, the first permanent mag- 
net and the second permanent magnet each have two 
magnet pieces each of which is formed of a band plate 
having rectangular cross-section, and the two magnet 
pieces are arranged in each magnetic pole portion at a 
certain angle to approach each other toward the center 
of the rotor core. 

[0031] In the aforementioned structures, it is desirable 
that a rare-earth magnet is used for any one of the first 
permanent magnet and the second permanent magnet, 
and a ferrite magnet is used for the other The rare-earth 
magnet and the ferrite magnet are general and availa- 
ble. 

[0032] In the present invention, it is preferable that the 
rotor core is formed of a laminated body of a magnetic 
steel plate stamped out through a pressing process. In 
this case, it is desirable in terms of manufacturing that 
holes for inserting the permanent magnet are formed in 
the laminated body of the magnetic steel plates in the 
pressing process so that the first permanent magnets 
and the second permanent magnets are embedded and 
polarized in the holes for inserting the permanent mag- 
net. Thereby, a conventional producing processes can 
continuously be employed, so that the production cost 
should not be increased. 

[0033] The present invention is appropriate for a 
brush less DC motor used for driving a compressor In an 
air conditioner, whereby the performance of the air con- 
ditioner should be increased. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] The present invention will be described further 
hereinafter, by way of example only, with reference to 
the accompanying drawings in which: 



Fig. 1 is a diagrammatic plane view showing a struc- 
ture of a permanent magnet rotor type electric motor 
as a master embodiment according to the present 
invention from a plane perpendicular to the axis of 

5 rotation thereof; 

Fig. 2 is a diagrammatic vertical sectional view 
along the axis of rotation of a rotor core shown in 
the above embodiment of Fig, 1 ; 
Fig. 3 to Fig. 25 are diagrammatic plane views re- 

10 spectivety showing modifications of the above rotor 
core; and 

Fig. 26 is a diagrammatic plane view showing the 
structure of a conventional permanent magnet rotor 
type electric motor, which is similar to Fig. 1. 

IS 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT(S) 

[0035] The present invention notes that the magnetic 

20 flux density and the reluctance torque can selectively be 
re-determined by changing materials and shapes of a 
permanent magnet used for a magnetic pole in different 
magnetic poles, of which the master embodiment is 
shown in Fig. 1 . The explanation as to a stator core 16 

25 generating a magnetic field of rotation will be omitted 
since the stator core 1 6 must be similar to the stator core 
1 shown in Fig. 26 and explained hereinbefore in the 
performance of the present invention. 
[0036] In a rotor core 10of a permanent magnet rotor 

30 type electric motor according to the embodiment, a first 
permanent magnet 11 made of a rare-earth magnet is 
used for one magnetic pole (e.g., the south pole), and 
a second permanent magnet 12 made of a ferrite mag- 
net is used for the other pole as the north pole. That is 

35 to say that permanent magnets made of different mate- 
rials are respectively used in the south pole and in the 
north pole. 

[0037] The first permanent magnet 11 is shaped in a 
band plate of rectangular cross-section. In the embodi- 

40 ment. a pair of the first permanent magnets 11 is ar- 
ranged In parallel along a direction perpendicular to a 
diametric line of the rotor core 10 in the vicinity of the 
outer circumferential edge of the rotor core 10. 
[0038] On the other hand, the second permanent 

45 magnet 12 Is shaped in a band plate of arc-shaped 
cross-section, and a pair of the second permanent mag- 
nets 12 is each arranged between the first permanent 
magnets 11. In the embodiment, the second permanent 
magnet 12 has an inverted arc shape of which the con- 

50 vex face is oriented toward the center of the rotor core 
10. 

[0039] As described above, in the embodiment, the 
first permanent nnagnet 11 and the second permanent 
magnet 12 have a different shape from each other. 
55 [0040] Note that a hole 1 3 for a flux barrier to avoid 
short-circuiting and leaking of the n^gnetic flux Is 
formed at each end of the first permanent magnet 11. 
Additionally, a center hole 1 4 for passing a rotating shaft 
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(not shown) is opened on the axis line of the rotor core 
10. 

[0041] According to the present invention, the mag- 
netic flux density of the rotor core 10 results in an inter- 
mediate state between the magnetic flux density of a 5 
rotor core where all the first and second permanent 
magnets 1 1 and 1 2 are made of the rare-earth magnet, 
and the magnetic flux density of a rotor core where all 
the first and second permanent magnets 11 and 12 are 
made of the ferrite magnet. This Is due to the fact that io 
the magnetic flux density of the rare-earth magnet is 
high but the magnetic flux density of the ferrite magnet 
is lower than that of the rare-earth magnet. 
[0042] Similarly, concerning the cost, half of the per- 
manent magnets is costly rare-earth magnet and the is 
other half is low-cost ferrite magnet, so that the cost of 
the rotor core 10 is at the intermediate point between 
the costs in the uses of the rare-earth magnet and the 
ferrite magnet. 

[0043] Where the reluctance torque is concerned. 20 
since the second permanent magnet 12 has an arc 
shape, the q-axis inductance is large, therefore a differ- 
ence between the q-axis inductance and the d-axis in- 
ductance (parameter of the reluctance torque) is in- 
creased, further than, for example, the conventional ex- 2S 
ample explained in Fig, 26. 

[0044] With compared to the rotor core in which all 
permanent magnets are made of either the rare-earth 
magnet or the ferrite magnet, the rotor core 10 having 
the intermediate state of the magnetic flux density and 30 
the reluctance torque can be conveniently obtained in 
this way. 

[0045] Moreover, the cost of rotor core 10 is lower 
than that of a rotor core using the permanent'magnets 
made of the rare-earth magnet only. It should be men- 35 
tioned that, in the embodiment, the two materials of the 
rare-earth magnet and the ferrite magnet are respec- 
tively used for the first and the second permanent mag- 
nets 11 and 12, but other nnagnet materials may be 
used. And also the rare-earth magnet may be used for 40 
the permanent magnet 11 as the south pole and the fer- 
rite magnet may be used for the permanent magnet 12 
as the north pole, or vice-versa. 
[0046] As shown in Fig, 2, the rotor core 10 is pro- 
duced through the process in which magnetic steel 45 
plates are mechanically laminated inside a die (not 
shown) after being stamped out in the same shape by 
pressing. Preferably, concurrently with the pressing 
process, spaces (holes) for accommodating the perma- 
nent magnets 11 and 12 should be opened in all mag- so 
netic steel plates, and all permanent magnets 1 1 and 1 2 
should be embedded and polarized inside the spaces. 
It is advisable that the hole 13 for the flux barrier be 
opened during the above processes. 
[0047] According to the above description, since the ss 
rotor core 10 is produced through the conventional 
pressing process, the production-efficiency will be not 
reduced, and the productbn cost will be not increased 



858 A1 8 

either. 

[0048] In regard to the position of each end of the per- 
manent magnets 11 and 12 and each position, forming 
the hole 1 3 for the flux barrier, those skilled in the art will 
determine positions of obtaining sufllcient strength for 
enduring centrifugal force during the rotation of the rotor 
core 10. 

[0049] By applying the rotor core 10 to a brushless 
DC motor for a compressor of an air conditioner, the per- 
formance of the air conditioner can be improved (i.e., 
enhancement of the operating efficiency, reduction in 
noise and vibrations). 

[0050] The difference between the q-axis inductance 
and the d-axis inductance can be further increased by 
modifying the aforementioned rotor core 10 as shown 
in Fig. 3 and Fig. 4. 

[0051] In order to increase the magnetic flux density 
of the ferrite magnet used for one magnetic pole, the 
structures as shown in Fig. 5 and Fig. 6 are appropriate. 
[0052] Also, the structure of a rotor core shown in Fig. 
7 can be exemplified to increase the magnetic flux den- 
sity further than that of the structures shown in Fig. 3 
and Fig. 4 and also to increase the reluctance torque. 
[0053] Explaining the above modifications, in respect 
to the modification shown in Fig. 3, the first permanent 
magnet 11 of one magnetic pole (the south pole) is the 
same as that of the embodiment in Fig. 1 , but a second 
permanent magnet 1 5 of the other magnetic pole (the 
north pole) has two magnet pieces 1 5a and 1 5b. Both 
the magnet pieces 15a and 15b are made of the ferrite 
magnet having rectangular cross-section, in Fig. 3, 
where the vertical center line along one q axis between 
the magnetic poles in the rotor core 10 is Y, and the hor- 
izontal center line along the other q axis is X, the magnet 
piece 1 5a is arranged to be parallel to the vertical center 
line Y and the magnet piece 15b is arranged to be par- 
allel to the horizontal center line X. In other words, the 
magnet pieces 15a and 15b are arranged at an angle 
so that the adjacent ends of the magnet pieces 15a and 
15b approach each other toward the center of the rotor 
core 10, whereby the difference between the q-axis in- 
ductance and the d-axis inductance can be further in- 
creased. 

[0054] In the structure of Fig. 3, on the ground that the 
magnet pieces 15a and 15b are respectively arranged 
to parallel to the center lines Y and X, an arranging angle 
which is formed between the adjacent ends of the mag- 
net pieces 15a and 15b is 90 degrees. However, as 
shown in Fig. 4, the arranging angle between the adja- 
cent ends of the nnagnet pieces 15a and 15b may be 
defined as any specific angle so that the magnet pieces 
15a and 15b can be oriented to approach each other 
toward the center of the rotor core 10. 
[0055] In the rotor core 10 shown in Fig. 5, the first 
permanent magnet 11 of one magnetic pole (the south 
pole) is the same as that of the embodiment of Fig. 1 , 
and a second pemnanent magnet 17 of the other mag- 
netic pole (the north pole) is made of the ferrite magnet 
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of arc-shaped cross-section. Nevertheless, in this case, 
the second pernoanent niagnet 17 Is disposed to orient 
the convex face thereof toward the outer circumference 
of the rotor core 10, in contrast to the embodiment as 
shown in Fig. 1, According to these arrangements, the 
plate thickness of the second pernnanent magnet 1 7 can 
be thicker than that of the embodiment shown in Fig. 1, 
so that the magnetic flux density is increased. 
[0056J In the rotor core 10 shown in Fig. 6, the first 
permanent magnet 11 of one magnetic pole (the south 
pole) is the same as that of the embodiment in Fig. 1 , 
but a second pennanent magnet 1 8 Is made of the ferrite 
magnet having fan-shaped cross-section, of which the 
outer circumferential side is along the outer circumfer- 
ence of the rotor core 1 0 and which is embedded inside 
the rotor core 10. According to this structure, similar to 
the structure shown in Fig. 5. the second permanent 
magnet 1 8 is large enough in size to increase the mag- 
netic flux density further than that of the embodiment of 
Fig. 1. 

[0057] As another modification, on the rotor core 10 
shown in Fig. 7, the first permanent magnet 11 of one 
magnetic pole (the south pole) is the same as that of the 
embodiment in Fig. 1 , but a second permanent magnet 
19 has two magnet.pieces 19a and 19b each of which 
is made of the ferrite magnet of arc-shaped cross-sec- 
tion. The magnet pieces 19a and 19b have a different 
length of the arc portion from each other. In the modifi- 
cation, the magnet piece 1 9a having the longer arc por- 
tion is disposed closer to the inner circumference of the 
rotor core 10, and the convex face thereof is oriented 
toward the center of the rotor core 1 0. On the other hand, 
the magnet piece 1 9b having the shorter arc portion Is 
disposed closer to the outer circumference of the rotor 
core 10 and concentric with the magnet piece 19a. As 
a result of designing the second permanent magnet 1 9 
In a two-stage structure of the magnet pieces 1 9a and 
19b as described above, the magnetic flux density is 
higher than that of the embodiment in Fig. 1 , and the q- 
axis inductance is increased by the two-stage structure 
of the magnet pieces 1 9a and 1 9b, so that the reluctance 
torque can be increased. 

[0058] The modifications described hereinbefore are 
as to the second pemnanent magnet used as the north 
pole. Modifications for the first permanent magnet used 
as the south pole will be now explained below with ref- 
erence to Fig. 8 to Fig. 13. By these oKxiifications. the 
magnetic flux density and the reluctance torque can also 
be re-determined. 

[0059] In each modification, a first pernnanent magnet 
used as the south pole is represented by reference nu- 
meral 20. The first permanent magnet 20 has two mag- 
net pieces 20a and 20b each of which Is made of the 
rare-earth magnet of rectangular cross-section. In any 
cases shown in Fig. 8 to Fig. 13, similar to the magnet 
pieces 15a and 15b of the second permanent magnet 
15 explained hereinbefore in Fig. 3 and Fig. 4, the nnag- 
net pieces 20a and 20b are arranged to approach each 



other toward the center of the rotor core 1 0 at an arrang- 
ing angle between the adjacent end portions thereof as 
a specified angle. 

[0060] In other words. Fig. 8 shows a modification in 
5 which the magnet pieces 20a and 20b of the first per- 
manent magnet 20 are used instead of the first perma- 
nent magnet 11 of the embodiment shown in Fig. 1 , Fig. 
9 shows a modification in which the nnagnet pieces 20a 
and 20b of the first permanent magnet 20 are used in- 
10 stead of the first permanent magnet 11 of the modifica- 
tion shown in Fig. 3. Fig. 10 shows a modification in 
which the magnet pieces 20a and 20b of the first per- 
manent magnet 20 are used instead of the first perma- 
nent magnet 11 of the modification shown in Fig. 4, Fig. 
15 1 1 shows a modification in which the magnet pieces 20a 
and 20b of the first permanent magnet 20 are used in- 
stead of the first permanent magnet 11 of the modifica- 
tion shown in Fig, 5. Fig. 12 shows a modification in 
which the magnet pieces 20a and 20b of the first per- 
manent magnet 20 are used instead of the first perma- 
nent magnet 11 of the modification shown in Fig. 6. Fig. 
1 3 shows a modification in which the magnet pieces 20a 
and 20b of the first permanent magnet 20 are used in- 
stead of the first permanent magnet 11 of the modifica- 
tion shown in Fig. 7. 

[0061] Where the rotor core 1 0 shown in Fig. 8 is con- 
sidered, its magnetic flux density does not differ much 
from that of the rotor core 10 in Fig. 1, but the q-axis 
inductance is larger so that the reluctance torque be in- 
creased. In addition, since the first permanent magnet 

20 as the south pole is composed of two magnet pieces 
20a and 20b, it is more convenient to obtain the magnet 
flux density required. 

[0062] Similarly, each rotor core 1 0 shown in Fig. 9 to 
Fig. 1 3 benefits from the effects resulting from the mod- 
ifying of the first permanent magnet as well as the effects 
resulting from the modifying of the second permanent 
magnet. 

[0063] In each aforementioned modification shown in 
Fig. 8 to Fig. 13, the first permanent magnet 20 com- 
posed of two magnet pieces 20a and 20b is used for the 
south pole. Fig. 1 4 to Fig. 1 9 show further modifications 
of the above-modified first permanent magnets. Inciden- 
tally, Fig. 14 to Fig. 19 correspond to Fig. 8 to Fig, 13 
respectively. 

[0064] In the modifications, a first permanent magnet 

21 used for the south pole is also made of the rare-earth 
magnet having rectangular cross-section. The first per- 
manent nnagnet 21 is disposed in the vicinity of the cent- 
er hole 14 of the rotor core 10, and a pair of the first 
permanent magnets 21 is arranged in parallel along the 
direction perpendicular to a diameter line of the rotor 
core 10. In the modifications shown in Fig. 14 to Fig. 1 9, 
the second permanent magnet as the other magnetic 
pole (the north pole) is the same as that shown In Fig. 
8 to Fig. 13. 

[0065] At both end portions of the first permanent 
magnet 21 , holes 22 and 22for the flux barrier extending 
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toward the outer circumference of the rotor core 1 0, are 
formed. In each modification shown in Fig. 14 to Fig. 19, 
the holes 22 and 22 for the flux barrier have an angle at 
which the holes 22 and 22 are separated from each oth- 
er as extending toward the circumference of the rotor 
core 10. 

[0066] Explaining the rotor core 1 0 using the case in 
Fig. 14 as an example, the magnetic flux density is 
smaller than that of the corresponding rotor core 10 
shown in Fig. 8, but the q-axis inductance remains large, 
therefore the reluctance torque is further increased. And 
the cost reduces as the amount of rare-earth magnet 
used is decreased The rotor cores 10 shown in Fig. 15 
to Fig. 1 9 have the same effects, as well. 
[0067] In each modification shown in Fig. 8 to Fig. 1 3. 
as the first permanent magnet of the south pole, the first 
permanent magnet 20 having two magnet pieces 20a 
and 20b made of the rare-earth magnet is used It is also 
preferable that a hole 24 for flux barrier be formed be- 
tween the end portions of the magnet pieces 20a and 
20b in the central portion of the rotor core, as shown in 
Fig. 20 to Fig. 25 as other modifications corresponding 
to Fig. 8 to Fig. 1 3 respectively. 
[0068] Although the present invention has been 
shown and described with respect to a best mode em- 
bodiment thereof, those skilled in the art understanding 
the subject-matter of the present invention should read- 
ily think out other changes, variations, and equivalency 
thereof,. so that the scope of the present invention 
should be within the scope of the accompanying claims 
and the equivalencies thereof. 



Claims ' 

1. A permanent magnet rotor type electric motor in 
which a rotor core embedded with a permanent 
magnet at each magnetic pole portion is disposed 
in a stator core generating a rotation magnetic field, 
wherein with respect to a first permanent magnet 
used for a magnetic pole of one polarity in the rotor 
core, a second permanent magnet having a differ- 
ent shape and material from the flrst permanent 
magnet is used for a magnetic pole of the other po- 
larity. 

2. The permanent magnet rotor type electric motor ac- 
cording to claim 1 , wherein the first permanent mag- 
nets are formed in the same configurations and/or 
of the same materials, and wherein the second per- 
manent magnets are formed in the same configu- 
rations and/or of the same materials. 

3. The permanent magnet rotor type electric motor ac- 
cording to claim 1 or claim 2, wherein the first per- 
manent magnet is formed of a band plate which has 
rectangular cross-section, and a pair or a plurality 
of the first permanent magnets is arranged to be 



parallel to each other along a direction perpendicu- 
lar to a diameter line of the rotor core in the vicinity 
of the outer circumference of the rotor core, and 
wherein the second permanent magnet is formed 
5 of a band plate which has arc-shaped cross-sec- 
tion, and each of a pair or a plurality of the second 
permanent magnets is arranged between the first 
permanent magnets. 

10 4. The pemnanent magnet rotor type electric nrator ac- 
cording to claim 3, wherein the second permanent 
magnet is disposed so that the convex face thereof 
having arc-shaped cross-section is oriented toward 
the center of the rotor core. 

15 

5. The permanent magnet rotor type electric motor ac- 
cording to claim 3, wherein the second permanent 
magnet is disposed so that the convex face thereof 
having arc -shaped cross-section is oriented toward 

20 the outer circumference of the rotor core. 

6. The permanent magnet rotor type electric motor ac- 
cording to claim 3, 4 or 5, wherein each of the sec- 
ond permanent magnets has a plurality of magnet 

25 pieces which is formed of a band plate having arc- 
shaped cross-section and concentrically arranged, 
and has a different length of the arc portion from 
each other. 

30 7. The permanent magnet rotor type electric motor ac- 
cording to claim 1 or claim 2, wherein the first per- 
manent magnet is formed of a band plate which has 
rectangular cross-section and a pair or a plurality of 
the first permanent magnet is arranged to be paral- 

55 lei to each other along a direction perpendicular to 
a diameter line of the rotor core in the vicinity of the 
outer circumference of the rotor core, and wherein 
the second permanent magnet has two magnet 
pieces each of which is formed of a band plate hav- 

40 ing rectangular cross-section, and the two magnet 
pieces are arranged between the flrst permanent 
magnets at a certain angle to approach each other 
toward the center of the rotor core. 

45 a. The permanent magnet rotor type electric motor ac- 
cording to claim 1 or claim 2, wherein each of the 
flrst permanent magnets has two magnet pieces 
each of which is formed of a band plate having rec- 
tangular cross-section, and the two magnet pieces 

50 are arranged at a certain angle to approach each 
other toward the center of the rotor core, and where- 
in the second permanent magnet is formed of a 
band plate having arc-shaped cross-section and ar- 
ranged between the first permanent magnets. 

55 

9. The permanent magnet rotor type electric nrKJtor ac- 
cording to claim 1 or claim 2, wherein the first per- 
manent magnet is formed of a band plate which has 
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rectangular cross-section and a pair or a plurality of 
the first permanent magnets are arranged to be par- 
allel to each other along a direction perpendicular 
to a diameter line of the rotor core in the vicinity of 
the outer circumference of the rotor core, and s 
wherein the second permanent magnet is formed 
of a plate-shaped body having fan cross-section 
and each of a pair or a plurality of the second per- 
manent magnets is arranged between the first per- 
manent magnets. io 

1 0. The permanent magnet rotor type electric motor ac- 
cording to claim 1 or claim 2, wherein each of. the 
first permanent magnets has two magnet pieces 
each of which is formed of a band plate having rec- 
tangular cross-section, and the two magnet pieces 
are arranged at a certain angle to approach each 
other toward the center of the rotor core, and where- 
in the second permanent magnet is formed of a 
plate-shaped body having arc-shaped cross-sec- 20 
tion and arranged between the first permanent 
magnets. 

1 1 . The permanent magnet rotor type electric motor ac- 
cording to claim 1 or claim 2, wherein the first per- 2S 
manent magnet is formed of a band plate having 
rectangular cross-section and a pair or a plurality of 

the first permanent magnets is arranged to be par- 
allel to each other along a direction perpendicular 
to a diameter line of the rotor core in the vicinity of 30 
the Inner circumference of the rotor core, and long 
holes for flux barrier are formed from both ends of 
each of the first permanent magnets toward the out- 
er circumference of the rotor core, and wherein the 
second permanent magnet is formed of a band plate 35 
having arc-shaped cross-section and each of a pair 
or a plurality of the second permanent magnets is 
arranged between the first permanent magnets. 

1 2. The permanent magnet rotor type electric motor ac- 40 
cording to claim 1 or claim 2, wherein the first per- 
manent magnet is formed of a band plate having 
rectangular cross-section and a pair or a plurality of 

the first permanent magnet are arranged to be par- 
allel to each other along a direction perpendicular 45 
to a diameter line of the rotor core in the vicinity of 
the Inner circumference of the rotor core, and long 
holes for flux barrier are formed from both ends of 
each of the first permanent magnets toward the out- 
er circumference of the rotor core, and wherein the so 
second permanent magnet is formed of a plate- 
shaped body having arc-shaped cross-section and 
each of a pair or a plurality of the second permanent 
magnets Is arranged between the first permanent 
magnets, ss 



manent magnets is formed of a band plate having 
rectangular cross-section and a pair or a plurality of 
the first permanent magnets are arranged to be par- 
allel to each other along a direction perpendicular 
to a diameter line of the rotor core in the vicinity of 
the inner circumference of the rotor core, and long 
holes for flux barrier are formed from both ends of 
each of the first permanent magnets toward the out- 
er circumference of the rotor core, and wherein the 
second permanent magnet has two magnet pieces 
each of which is formed of a band plate having rec- 
tangular cross-section, and the two magnet pieces 
are arranged between the first permanent magnets 
to have a certain angle at which the magnet pieces 
approach each other toward the center of the rotor 
core. 

1 4. The permanent magnet rotor type electric motor ac- 
cording to claim 1 or claim 2, wherein the first per- 
manent magnet and the second permanent magnet 
each have two magnet pieces each of which is 
formed of a band plate having rectangular cross- 
section, and the two magnet pieces are arranged in 
each magnetic pole portion at a certain angle to ap- 
proach each other toward the center of the rotor 
core. 

1 5. The permanent magnet rotor type electric motor ac- 
cording to any one of .claim 1 to claim 14, wherein 
a rare-earth magnet is used for any one of the first 
permanent magnet and the second permanent 
magnet, and a ferrite magnet is used for the other. 

1 6. The permanent magnet fotor type electric motor ac- 
cording to claim 1 , wherein the rotor core is formed 
of a laminated body of a magnetic steel plate 
stamped out through a pressing process, holes for 
inserting the permanent magnets are formed in the 
laminated body of the magnetic steel plates in the 
pressing process so that the first permanent mag- 
nets and the second permanent magnets are em- 
bedded in the holes for inserting the permanent 
magnets. 

1 7. A brush less DC motor comprising the rotor core ac- 
cording to any one of claim 1 to claim 1 4. 



1 3, The permanent magnet rotor type electric motor ac- 
cording to claim 1 or claim 2, wherein the first per- 
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